Abstract. In this paper, the subject of the study were palladium catalysts modified with humate potassium (HP) extracted from the coal at the Oy-Karagay coal deposit in Almaty province in Kazakhstan. Catalyst activity was studied in p-nitrodiethylaniline (PNDA) reduction reactions in an ethanol medium at 333K, potassium o-nitrophenol (PONP) in a 0.1n KOH medium at 313K, and a hydrogenation reaction of potassium maleate in water at 313K.
Introduction
Nowadays, a popular direction is the development and research in highly efficient and selective catalysts for hydrogenation of aromatic nitrocompounds into corresponding amines, as the latter are widely used in the production of various dyes, pharmaceuticals, corrosion inhibitors, stabilizers, polyurethanes, anti-knock additives for gasoline and motor fuels, etc [1] [2] [3] [4] .
A promising method of obtaining heterogenized catalyst systems is based on interactions between polymers having different functional groups with metal salts to form polymer-metal complexes that can then be used as homogeneous, colloidal and heterogenized systems. In addition, the use of polymer-metal complexes is gaining more and more interest among researchers thanks to the progress of combinatorial chemistry and development of new processes assuming multiple use of catalysts [4] [5] .
In this paper, the subject of the study were palladium catalysts modified with humate potassium (HP) extracted from the coal at the Oy-Karagay coal deposit in Almaty province in Kazakhstan. Potassium humate acts as a natural polymer in the formation of polymer-metal complexes. Catalyst activity was studied in p-nitrodiethylaniline (PNDA) reduction reactions in an ethanol medium at 333K, potassium o-nitrophenol (PONP) in a 0.1n KOH medium at 313K, and a hydrogenation reaction of potassium maleate in water at 313K.
Experimental
The catalysts were prepared using a method of impregnation. Bauxite-094 from Turgai was selected as a carrier. A sample of bauxite (3 grams) was mixed with 150 ml of distilled water, after which a solution of potassium humate (0.7-2.0 wt.% relative to the weight of the carrier) was introduced while stirring. Simultaneously, an aqueous solution of palladium chloride (0.8 wt.%) was introduced as well. The resulting catalysts were stirred for three hours and then washed, filtered and dried at 383 K for another two hours.
Humic acids were extracted using potassium hydroxide recovered from the coal from the OyKaragay deposit, according to a method [6] .
The catalytic properties were tested in a constant-temperature bath with electrodes to measure the capacity of the catalyst. The stirring was obtained by rocking the bath at 650-700 oscillations per minute. This allowed to ensure the process without being inhibited by diffusion resistance.
The catalyst's potential was measured using a voltage meter. The reliability of the kinetic results is confirmed by the precision of the single measurement and repeatability of experimental data. Based on the data obtained, the velocities of hydrogenation (W) were calculated.
Results and Discussion
In this paper, the subject of the study was the influence of the nature of the matrix and potassium humate content upon the catalytic activity of the palladium catalyst in hydrogenation reactions of pnitrodiethylaniline (PNDA), potassium o-nitrophenol (PONP), and potassium maleate (PM). The content of potassium humate in the catalyst varied from 0.7 to 2.0 mass%. Concentration of the active phase was 0.8 mass%.
The dependency of the activity of Pd-potassium humate/B-094 catalyst from the concentration of the polymer was tested in reduction reactions of PNDA and PONP, and hydrogenation of PM. The results are shown in Table 1 . The results of the study of supported palladium catalysts in the process of reduction of PNDA and PONP, and hydrogenation of PM, has shown that the maximum velocity is observed for a concentration of 1.0 mass% of potassium humate in a 0.8% Pd/B-094 catalyst. The reaction velocity is 3-4 times higher compared to a catalyst that is unmodified with potassium humatePd/ Bauxite-094 [7] .
Based on the data in Table 1 , charts were built showing dependency of the catalyst activity from the concentration of the PH natural polymer in reduction reaction of PONP and PNDA, and hydrogenation reactions of PM (Figure 1) , as well as dependency of the shift of catalyst potential from potassium humate concentrations (Figure 2 ). As can be seen from Figure 1 , the dependency of the activity of the catalyst (W average ) from the concentration of potassium humate passes a maximum which, according to the calculations from the equations y = 100,3x 4 
corresponds to the following values:1.1% for PNDA (1); 1.31% for PONP; and 1.13% for PM It has been established that there is a satisfactory non-linear correlation between the potential of shift of the catalyst and the concentration of potassium humate, with a chart shown in Figure 2 . Based on the Table 1 data, dependency of the activity of catalyst (W) from the concentration of the natural polymer-modifier (C potassium_humate ) and from the shift of the potential of the catalyst (∆φ) was established using a method of non-linear regression. A mathematical processing of the data showed the following dependency for each compound:
W PONP = -100,4*C + 0,12*∆φ + 0,36 C*∆φ;
W PM = 91,52*C -0,04*∆φ -0,56 C*∆φ;
W PNDA = -370,20*C + 0,39*∆φ + 2,43 C*∆φ;
A chart of function W (C, ∆φ) from two variables: concentrations of potassium humate and shift of potential of the catalyst are shown in Figure 3 . As can be seen from Figure 3 , the activity of a 0.8% Pd/ Bauxite-094 catalyst has an extreme character depending both on the concentration of the polymer-modifier and the shift of potential of the catalyst in the reactions of hydrogenation of nitrocompounds and potassium maleate.
Conclusions
Therefore, when modifying a 0.8% Pd/ Bauxite-094 catalyst, its activity tends to increase and, based on empiric data, the concentration of potassium humate reaches its optimum at 1.0 mass%. However, the optimum concentration is equal to 1.1 mass% and 1.1 mass% based on the data calculated using the Maple13 math suite. Given that both potassium humate (a polymer) and bauxite-094 (a carrier) are natural materials, the production of catalysts will not involve significant economics costs, which is a key requirement for modern catalysts [8] .
